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ABSTRACT: The aim of the present study was to determine whether Enteromyxum 11 
leei, one of the most threatening parasitic diseases in Mediterranean fish culture, could 12 
be transmitted by peranal intubation in gilthead sea bream Sparus aurata L. Fish were 13 
inoculated either orally or anally with intestinal scrapings of infected fish in 3 trials. 14 
Oral transmission failed, but the parasite was efficiently and quickly transmitted 15 
peranally. Prevalence of infection was 100% at 60 d post inoculation (p.i.) in Trial 1 16 
under high summer temperature (22 to 25°C; fish weight = 187.1 g), and 85.7% in just 17 
15 d p.i. in Trial 3 using smaller fish (127.5 g) at autumn temperature (19 to 22°C). In 18 
Trial 2, prevalence reached 60% at 60 d p.i. in the group reared at constant temperature 19 
(18°C), whereas no fish was infected in the group that was kept at low winter 20 
temperature (11 to 12°C), although infection appeared (46.1% at 216 d p.i.) when 21 
temperature increased in spring. The arrested development at low temperature has 22 
important epidemiological consequences, as fish giving false negative results in winter 23 
can act as reservoirs of the parasite. Histopathological examination showed a posterior–24 
anterior intestinal gradient in the progression of the infection, in terms of both intensity 25 
and parasite maturation. Thus, peranal intubation provides a very uniform, reliable and 26 
faster mode of transmission of E. leei than the commonly used transmission methods 27 
(cohabitation, exposure to infected effluent and oral inoculation), which require long 28 
exposure times or give variable and unpredictable results. 29 
KEY WORDS:  Myxosporea · Experimental transmission · Teleostei · Aquaculture · 30 
Temperature · Histopathology 31 
INTRODUCTION 32 
Since the first description of Enteromyxum leei as Myxidium leei in cultured gilthead sea 33 
bream Sparus aurata from southern Cyprus (Diamant et al. 1994), the parasite has been 34 
reported along the entire Mediterranean basin, the Red Sea and Japan, being now 35 
recorded in >46 fish species (Diamant 1995, 1998, Le Breton & Marques 1995, Sakiti et 36 
al. 1996, Paperna 1998, Zrnčić et al. 1998, Padrós et al. 2001, Marino et al. 2004, 37 
Yanagida et al. 2004, 2006, Yasuda et al. 2005, Diamant et al. 2006, Sitjà-Bobadilla et 38 
al. 2007). This myxosporean produces severe enteritis and is one of the most threatening 39 
parasites in Mediterranean fish culture. It causes anorexia, anaemia, emaciation, 40 
caquexia and death, which can even lead to the abandonment of some farms in specific 41 
culture locations (Palenzuela 2006, Rigos & Katharios 2010). Despite its economic 42 
impact, relatively little is known about its transmission and infection routes, and the 43 
primary host species in the wild remains unknown. 44 
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Thus far, Enteromyxum leei has been experimentally transmitted to different fish species 45 
via effluent, cohabitation and oral routes (Diamant 1997, Diamant & Wajsbrot 1997, 46 
Diamant 1998, Yasuda et al. 2002, 2005, Muñoz et al. 2007, Sitjà-Bobadilla et al. 2007, 47 
Alvarez-Pellitero et al. 2008). All these trials depend on a source of infected fish, since 48 
in vitro culture of this parasite, as any Myxosporea, has not been achieved. 49 
Experimental transmissions by cohabitation and exposure to infected effluent 50 
remarkably mimic the natural conditions for the transmission of the disease in cultured 51 
fish. However, for gilthead sea bream, it takes ~3 to 4 mo to achieve high prevalence of 52 
infection and to develop disease signs. Furthermore, a precise and uniform infective 53 
dose and the initial day of entrance of the parasite cannot be ascertained for each 54 
individual. Although oral infection tries to avoid these drawbacks, the obtained results 55 
have been very variable and unpredictable (Diamant & Wajsbrot 1997, Sitjà-Bobadilla 56 
et al. 2007). Field and experimental data seem to indicate that the distal part of the 57 
intestine is the first and main target site of the parasite in gilthead sea bream. Therefore, 58 
the aim of the present work was to determine the efficacy of the anal route in the 59 
transmission of the myxosporean in comparison with the oral route. The progress of the 60 
infection through the digestive tract was also studied. 61 
MATERIALS AND METHODS 62 
Fish and experimental infections. Naïve gilthead sea bream from a commercial fish 63 
farm with no previous records of enteromyxosis were used as recipient (R) fish. Upon 64 
arrival, fish were checked for the absence of the parasite and acclimated to the 65 
experimental conditions for at least 2 wk before the beginning of the experiment. Water 66 
of 37.5 salinity was 1 µm filtered and UV irradiated. Fish were allocated in 200 l fibre 67 
glass tanks and fed daily with a commercial dry pellet diet at ~1% of body weight. 68 
Donor (D) gilthead sea bream were obtained from experimentally infected stocks that 69 
were kept at the facilities of the Instituto de Acuicultura de Torre de la Sal. 70 
R fish were inoculated with 1 ml of Enteromyxum leei infective material. The inoculum 71 
consisted of freshly obtained intestinal scrapings of D fish (see Sitjà-Bobadilla et al. 72 
2007). D and R fish were starved for 1 d prior to inoculation. Three experimental 73 
transmission trials were performed. Trial 1 started in summer and R fish were 74 
inoculated either anally (AT-1) or orally (OT) with the same inoculum for 2 consecutive 75 
days. In Trial 2 (AT-2), 2 R groups were inoculated once only through the anal route. 76 
One group was kept at the natural winter temperature (AT-2-L) and another was reared 77 
at a temperature 18°C (AT-2-H). Trial 3 started in autumn (AT-3) and R fish with 78 
lower weight than in Trials 1 and 2 (to check if this route was feasible with smaller 79 
animals) were inoculated once through the anal route and kept at a water temperature 80 
18°C. In all trials, a control (CTRL) group with fish that were not exposed to the 81 
parasite, but were inoculated with phosphate-buffered saline (PBS), was established. 82 
The details of fish and experimental conditions, temperature, samplings and diagnostic 83 
procedures are summarised in Table 1. Disease signs and daily mortalities were 84 
recorded throughout the experiments. In lethal samplings, fish were euthanized by 85 
overexposure to MS-222 (Sigma), whereas in nonlethal (NL) samplings, fish were 86 
slightly anaesthetized with clove oil (0.1 ml l
–1
). In both cases, fish were starved for 1 d 87 
prior to sampling. In Trials 1 and 2, all the inoculated fish were nonlethally diagnosed at 88 
each sampling point, and were euthanized at the last sampling. Therefore, the 89 
parasitological status of all the fish and the progression of their infection were obtained 90 
at each sampling point. 91 
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Parasite diagnosis and histopathology. The infection status was determined by 92 
histology (HIS) or NL-PCR, except in AT-3 at 40 d post inoculation (p.i.), in which half 93 
of the 14 examined fish were diagnosed by light microscopic observation of fresh 94 
smears of intestinal scrapings (F). For histological examination, pieces of the anterior, 95 
middle and posterior intestine were fixed in 10% buffered formalin, embedded either in 96 
Technovit resin (Kulzer, Heraeus) or paraffin, 2 to 3 µm sectioned and stained with 97 
toluidine blue (TB), haematoxylin & eosin (H&E) or periodic acid-Schiff solution 98 
(PAS). In AT-1, additional samples of stomach, oesophagus and pyloric caeca with 99 
accumulation of ascitic fluid were taken. NL samples were obtained by probing the 100 
rectum with a cotton swab and PCR diagnosis was carried out as described by 101 
Palenzuela & Bartholomew (2002) with primers specific for Enteromyxum leei rDNA. 102 
This procedure has been validated against a gold standard (histological observation of 103 
the whole digestive tract), and resulted in a high sensitivity (0.96) and specificity (1) (O. 104 
Palenzuela unpubl. data). NL-PCR was also applied to evaluate the parasitic status of 105 
donors, and the absence of the parasite in R fish upon arrival at the experimental 106 
facilities. The prevalence of infection at each sampling point was calculated by 107 
considering all the positive fish detected by PCR, histological or fresh examination. The 108 
intensity of infection was semiquantitatively evaluated only in histological sections 109 
according to a scale (1+ to 6+) with the following ranges: 1+ = 1–5; 2+ = 6–10; 3+ = 110 
11–25; 4+ = 26–50; 5+ = 51–100; 6+ > 100. For each intestinal portion, the mean 111 
intensity of infection was calculated. Parasite stages were classified as spores, 112 
sporoblasts and proliferative stages, the latter corresponding to Stages 1 to 3 described 113 
by Alvarez-Pellitero et al. (2008). 114 
Statistics. The possible influence of temperature on the presence of Enteromyxum leei 115 
was studied. Fisher’s exact test of significance was applied to the 2 × 2 contingency 116 
tables generated in AT-2 (for the infection values obtained at 40 and 60 d p.i.). 117 
Statistical analysis was performed using Sigma Stat software (SPSS) at the significance 118 
level of p < 0.05. 119 
RESULTS 120 
During the experimental trials, no mortality due to the disease was registered; among 121 
the accidental casualties in AT-1 (n = 1), AT-2-H (n = 2) and AT-2-L (n = 1), only the 122 
latter was Enteromyxum leei-positive (195 d p.i.). None of the R fish in the oral 123 
transmission trial or CTRL animals in all the trials was infected by E. leei, whereas 124 
prevalence of infection in most peranally inoculated groups in the 3 trials was very high, 125 
reaching 100% at 60 d p.i. in AT-1 and 92.9% at 40 d p.i. in AT-3.  summarizes 126 
the prevalence of infection in all the trials and samplings. The highest infection values 127 
in anal transmission were obtained in AT-1, coinciding with the highest water 128 
temperature. In AT-2, in which 2 groups were identically inoculated and kept at 129 
different temperatures, prevalence was again higher in the group with higher 130 
temperature (AT-2-H). In contrast, AT-2-L fish were not infected until 216 d p.i, when 131 
temperature naturally increased in spring. In the last sampling, almost 1 yr after the 132 
inoculation, no AT-2 fish was infected. When comparing the prevalence of infection in 133 
the 3 trials at 40 d p.i., the highest values were achieved in AT-3 (in which smaller R 134 
fish were used). Furthermore, in this trial, the infection was established very early after 135 
inoculation (15 d). The Fisher’s exact test at 40 d p.i. showed no dependency of 136 
prevalence on temperature (p = 0.224), whereas a strong dependency was found at 60 d 137 
p.i. (p = 0.00069).  shows the prevalence and the mean intensity of infection in 138 
each intestinal portion examined histologically in AT-1 and AT-3 at the last sampling. 139 
This information was not obtained in AT-2 since fish were not infected in the only 140 
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sampling point diagnosed by histology. In AT-1, most R animals exhibited 141 
accumulation of ascites in the lumen of the intestine, with this accumulation sometimes 142 
reaching the pyloric caeca. All R fish had the posterior intestine being massively 143 
invaded by the parasite. The anterior intestine and pyloric caeca were also heavily 144 
parasitized, and the middle intestine was the least infected portion. All E. leei that 145 
showed negative results for the anterior intestine were also negative at the middle 146 
portion. No parasites were detected in the stomach or in the oesophagus. In AT-3, the 147 
parasite did not spread to the anterior intestine until 40 d p.i., although intensity of 148 
infection was already very high at the posterior part at 15 d p.i. In both trials, spores and 149 
disporous sporoblasts ( ) were always present in infected posterior and anterior 150 
tracts, being frequently detached to the lumen ( ), whereas they were detected only 151 
in 57.1% of the infected middle intestines of AT-1 fish. Instead, in those portions 152 
without sporogonic stages, proliferative stages were abundant ( ). In infected 153 
intestines, the parasite was typically patchily distributed mainly in the anterior and 154 
middle portions when intensity of infection was low or middle. 155 
In peranally inoculated fish, the histopathological study revealed the clear damage 156 
caused by the parasite in the intestinal tissue of R fish, regardless of the infected 157 
portion. Vacuolation and detachment of the epithelium only appeared in AT-1 fish with 158 
high intensity of infection. Inflammatory cells occurred in the lamina propria-159 
submucosa, which was hypertrophied, as well as in the basal part of the epithelium, and 160 
consisted of eosinophilic granule cells (EGCs) ( ) and lymphocytes ( ). 161 
EGCs were classified according to their staining pattern as in Alvarez-Pellitero et al. 162 
(2008). EGC Type 1 (EGC1) (fuchsia with H&E, rarely PAS positive and not stained 163 
with TB) were abundant in the lamina propria-submucosa (Fig. 4), sometimes also in 164 
the epithelium, and were almost in contact with parasite stages. EGC Type 2 (EGC2) 165 
(did not stain with H&E or with TB, with some PAS-positive granules, usually with a 166 
polarised pattern) were less abundant and mainly localized in the lamina propria-167 
submucosa (Fig. 5). In R fish, rodlet cells were very scarce in areas invaded by the 168 
parasite, whereas they were abundant in nonparasitized neighbouring areas, even more 169 
than in the intestines of C fish ( ). The number of goblet cells showed a tendency to 170 
diminish in infected intestines, and they were occasionally seen close to parasite stages, 171 
almost enclosing them ( ). 172 
In perorally intubated fish, the intestinal epithelium showed empty or vacuolated cells. 173 
Other cells containing unidentified debris were compatible with macrophages engulfing 174 
cell or parasite debris ( ). EGCs were abundant in the lamina propria-submucosa, 175 
and sometimes infiltrated the epithelium. Lymphocytes were abundant at the base of the 176 
epithelium, particularly at the anterior and middle intestines ( ). 177 
DISCUSSION 178 
Thus far, anal intubation has been used successfully for vaccine (Crosbie & Nowak 179 
2004, Vervarcke et al. 2005) or immunomodulator (Swan et al. 2008) delivery in fish. 180 
However, peranal parasite transmission has only been reported for the microsporidian 181 
Loma salmonae (Shaw et al. 1998) and this is the first report on this type of 182 
transmission for a myxosporean. This mode of infection proved to be very effective, 183 
achieving high infection levels at 60 d p.i. (AT-1) or even at 15 d p.i. (AT-3). Since R 184 
fish in the AT-2-H and AT-3 trials received the same volume of inoculum, it is tempting 185 
to suggest that the higher prevalence of infection achieved after 40 d in AT-3 was 186 
probably due to a higher inoculated parasite infective dose per body weight, as fish were 187 
smaller and water temperature was similar. These results are higher than the infection 188 
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levels commonly obtained via cohabitation or effluent routes for gilthead sea bream 189 
(Diamant 1997, Diamant & Wajsbrot 1997, Sitjà-Bobadilla et al. 2007) and are 190 
comparable to those obtained in sharpsnout sea bream Diplodus puntazzo, which is a 191 
highly susceptible species (Golomazou et al. 2006, Muñoz et al. 2007). However, in the 192 
latter species, 100% was reached in just 10 d after cohabitation with infected donors and 193 
the entire intestinal tract was invaded at 20 d p.e. (Alvarez-Pellitero et al. 2008). 194 
The present study shows a clear relationship between prevalence and water temperature 195 
in peranal infections. Results confirm those of previous oral infections with 196 
Enteromyxum fugu and E. leei in tiger puffer Takifugu rubripes, in which the onset of 197 
the disease was suppressed by low water temperatures (<15°C) (Yanagida et al. 2006). 198 
In gilthead sea bream farms, the minimum temperature for developing enteromyxosis 199 
varies from 18°C (Le Breton & Marques 1995) to 22°C (Rigos et al. 1999), and 200 
outbreaks in French farms have only been observed when water temperature is >20°C 201 
(Fleurance et al. 2008). The present study also confirms the inhibitory effect of low 202 
water temperatures on the development of enteromyxosis in gilthead sea bream, as no 203 
fish was infected in AT-2-L during the first 60 d p.i. in which water temperature 204 
reached a maximum of only 13.9°C. However, when water temperature naturally 205 
increased up to 26°C at 216 d p.i. (mean water temperature between 60 and 216 d was 206 
17.1°C), the infection appeared. As in the tiger puffer, this re-emergence of E. leei in 207 
gilthead sea bream with increase in water temperature indicates the capability of this 208 
parasite to become latent during the cooler period. Water temperature greatly affects the 209 
initiation and progression of myxozoan infections. For some myxozoans, favorable 210 
water temperatures have been defined (Hedrick et al. 1993), but arrested development or 211 
latency in the host at low water temperatures has scarcely been documented for fish 212 
parasites (Olson 1981, Beaman et al. 1999). Furthermore, the only available report of 213 
arrested development for a Myxosporea during the pre-spore stage was not attributed to 214 
temperature (Higgins et al. 1993). This has important epidemiological consequences, 215 
since fish can pass as false negatives in epidemiological surveys during wintertime and 216 
become reservoirs and/or a source of the parasite to naïve fish when temperature rises in 217 
spring and summer. Further studies are needed to determine the parasite stages and the 218 
host sites where latency occurs at low temperatures. 219 
Regardless of the temperature, all surviving R AT-2 fish were free of the parasite when 220 
sampled 326 d p.i., even though infection was clearly established in previous samplings. 221 
This recovery from infection has already been described for enteromyxosis (Yanagida et 222 
al. 2006) and other myxosporoses such as PKD (Morris et al. 2005). 223 
Clear differences in the prevalence, intensity of infection and parasite stages were 224 
observed among the 3 parts of the digestive tract. The posterior intestine seems to be the 225 
first target site for Enteromyxum leei in gilthead sea bream, followed by the anterior 226 
portion. These differential preferences have also been observed in other infection routes, 227 
such as effluent (Estensoro et al. 2010), cohabitation and even oral routes (Cuadrado 228 
2009). Similarly, in natural infections, a higher prevalence of infection was found in the 229 
rectum than in the proximal intestine in asymptomatic fish (Fleurance et al. 2008). 230 
Therefore, the higher infection levels found in the distal part of the intestine are not due 231 
to the peranal infection mode. However, in other Enteromyxum spp. oral and 232 
cohabitation trials, an anterior–posterior gradient was demonstrated (Redondo et al. 233 
2004, Yanagida et al. 2006, Alvarez-Pellitero et al. 2008). In AT-1, the stomach 234 
remained free of parasites, whereas pyloric caeca were infected, as observed by other 235 
authors in advanced E. leei infections (Fleurance et al. 2008). This observation could 236 
indicate that the pyloric caeca might be invaded later on by the parasite, and that we 237 
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could therefore consider the infection in AT-1 infected fish to be quite advanced in just 238 
60 d. 239 
The histopathological damage caused by the parasite and the inflammatory host reaction 240 
were very similar to those described by other authors for different Enteromyxum leei-241 
infected hosts (Diamant et al. 2006, Alvarez-Pellitero et al. 2008, Fleurance et al. 2008). 242 
The disruption of the integrity of the mucosa, desquamation and detachment of the 243 
epithelium, which correspond to advanced, chronic infections, was observed earlier than 244 
in cohabitation and effluent transmission trials. The apparent decrease in goblet and 245 
rodlet cells has also been reported in turbot Psetta maxima with severe E. scophthalmi 246 
infections (Bermúdez et al. 2010). 247 
In the current study, peroral transmission failed. The histopathological study showed a 248 
cellular activation at the gut level in R fish, and the observed cell debris could 249 
correspond to abortive stages that were engulfed by macrophages and were not capable 250 
of proliferating in the tissue. In previous studies, oral transmission of Enteromyxum leei 251 
to gilthead sea bream produced very variable results ranging from 0 to 86.7% 252 
prevalence of infection (Diamant 1997, Sitjà-Bobadilla et al. 2007). E. leei was also 253 
orally transmitted to red sea bream Pagrus major, the tiger puffer (Yasuda et al. 2002, 254 
Yanagida et al. 2004) and several fresh water species (Diamant et al. 2006). Similarly, a 255 
high prevalence of infection by E. scophthalmi was obtained orally for turbot (100%, 22 256 
d p.e.) (Redondo et al. 2004). The existence of refractive or nonsusceptible gilthead sea 257 
bream strains (Sitjà-Bobadilla et al. 2007) cannot explain the failure of the oral route in 258 
the current study, as an identical group of fish was successfully infected using the same 259 
inoculum, dose and water temperature by the anal route. Differences in the presence or 260 
absence of a true stomach, acidic gastric pH and digestive enzyme activity have been 261 
hypothesized to explain the failure in the transmission of E. leei by the oral route in 262 
some species (Diamant et al. 2006). 263 
In conclusion, this novel peranal transmission greatly improved the infection levels and 264 
the timing achieved by other routes and further confirms the direct transmission of 265 
Enteromyxum leei without the involvement of invertebrate hosts. This ease of 266 
transmission makes enteromyxosis an excellent model for the study of host–parasite 267 
interactions, but this fact and the described arrested development at low temperatures 268 
are also responsible for the spread of the disease under farming conditions, and greatly 269 
hamper its prevention and control. 270 
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Legends to Figs. 404 
Figs. 1 to 10. Sparus aurata. Histological sections of intestines after experimental 405 
infections with Enteromyxum leei at 60 d p.e. Figs. 1 to 8. Anal transmission (AT-1). 406 
Fig. 1. Spores and sporogonic stages invading the epithelium of the posterior intestine 407 
(PI). Notice a mature spore about to be detached to the lumen. Scale bar: 10 µm. Fig. 2. 408 
Detail of a primary cell containing a mature spore and an accompanying cell released to 409 
the lumen of the PI, with remnants of epithelial cells. Scale bar: 10 µm. Fig. 3. 410 
Proliferative stages in the epithelium of the middle intestine (MI). Scale bar: 10 µm. 411 
Fig. 4. Massive proliferation of eosinophilic granule cells (EGC1) in the hypertrophied 412 
lamina propria-submucosae of the MI. Scale bar: 20 µm. Fig. 5. EGC2 in the lamina 413 
propria-submucosae, showing periodic acid-Schiff (PAS)-positive granules (arrow) that 414 
usually have a polarised pattern, and EGC1 with PAS-negative granules in the 415 
epithelium (arrowhead) of the MI. Notice the PAS-positivity of E. leei stages. Scale bar: 416 
20 µm. Fig. 6. Lymphocytic infiltration (arrowheads) in the epithelium and lamina 417 
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propria-submucosae of the MI. Scale bar: 20 µm. Fig. 7. Panoramic view of an infected 418 
anterior intestine (AI) with a patchy distribution of the parasite (right side). Notice the 419 
abundance of rodlet cells (arrowheads) in the non-infected part (left side). Scale bar: 50 420 
µm. Fig. 8. Goblet cells flanking parasitic stages in the epithelium of the AI. Scale bar: 421 
10 µm. Figs. 9 & 10. Oral transmission (OT-1). Fig. 9. Residual parasite stages engulfed 422 
by a macrophage (arrowhead). Scale bar: 10 µm. Fig. 10. Massive proliferation of 423 
lymphocytes at the base of the epithelium and lamina propria-submucosa of the MI. 424 
Scale bar: 20 µm. Sections are toluidine blue (Figs. Figs. 4 & 9) and PAS (Fig. 5) 425 
stained 426 
Table 1. Experimental conditions and sampling details of the experimental transmission 427 
of Enteromyxum leei to Sparus aurata by oral (OT) and anal (AT) routes. Trials with 428 
the same number were performed simultaneously and fish were inoculated with the 429 
same infective inocula. Infection was diagnosed using histology (HIS), nonlethal (NL) 430 
PCR or fresh smears examination (F).
 
Provided temperature values are the mean ± SD 431 
obtained for the period between each sampling point and the previous date. Prevalence 432 
of infection values were obtained from the diagnosis of the posterior intestine. p.i.:
 
post 433 
inoculation 434 
 435 
Transmission 
trial 
Fish 
weight 
(g) 
Temperature 
(°C) 
Infection diagnosis 
Days 
p.i. 
Method 
Fish 
examined 
(No.) 
Prevalence of 
infection (%) 
OT-1 187.1 25.1 ± 0.7 
22.1 ± 1.2 
40 NL-PCR 15 0 
 
60 HIS 15 0 
AT-1 
 
25.1 ± 0.7 
22.1 ± 1.2 
40 NL-PCR 15 73.3 
 
60 HIS 15 100 
AT-2-H 280.3 18 ± 0.5 40 NL-PCR 15 20 
 
18 ± 0.5 60 NL-PCR 15 60 
 
24.3 ± 2.0 326 HIS 12 0 
AT-2-L 
 
 
11.9 ± 0.4 
12.1 ± 0.2 
40 NL-PCR 15 0 
 
60 NL-PCR 15 0 
 
17.1 ± 4.5 216 NL-PCR 13 46.1 
 
24.3 ± 2.0 326 HIS 13 0 
AT-3 127.5 22.4 ± 0.7 15 HIS 7 85.7 
 
19.7 ± 1.5 40 HIS+F 14 92.9 
Table 2. Enteromyxum leei. Prevalence and mean intensity of histologically diagnosed 436 
infection in the different portions of the digestive tract in gilthead sea bream 437 
experimentally infected through the anal (AT) route. AI, MI and PI refer to the anterior, 438 
middle and posterior intestine.
 
E. leei stages were classified as spores (SP), 439 
disporoblasts (DSB) or proliferative stages (P) 440 
 441 
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Transmission 
trial 
Days 
p.i. 
Tissue portion 
Prevalence 
of infection 
(%) 
Mean 
intensity 
E. leei stages
 
AT-1 60 Stomach 0 – – 
Oesophagus 0 – – 
AI 60 5.4+ SP, DSB > P 
MI 46.7 4.9+ p > SP, DSB 
PI 100 5.9+ SP, DSB > P 
AT-3 15 AI 0 – – 
MI 0 – – 
PI 85.7 6+ p > SP, DSB 
40 AI 1.4 5+ SP, DSB > P 
MI 0 – – 
PI 85.7 6+ SP, DSB > P 
 442 
